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ABSTRACT A series of dibasic insulin precurson inchid* 
Ing proinsulin was expressed and secreted Arom Scecharomycas 
cerevisiae. Recombinant plasmlds were constructed to encode 
fiiston proteins consisting of a modified mating factor al leader 
sequence and an Insulin precursor. The leader sequence serves 
to direct the fusion protein Into the secretory pathway of the cell 
and to expose It to the Lys- Arg processing enzyme system. The 
secreted peptides were purlfled from the fermentation broth 
and characUrized by sequencing and amino add analysis. 
Processing at one or both dibasic sequences was shown in 
proinsulin and In other Insulin precursors containing a short 
spacer peptide In place of the C peptide. In contrast, no 
processing was observed in the absence of a -spacer peptide in 
the insulin precursor molecule, e.g., B-Lys-Arg-A (where A 
and B are the A and B chain of human proinsulin, respectively). 
This type of single-chain insulin precursors Isolated from such 
constructions could be enzymatically converted Into insulin by 
treatment with trypsin and carboxypepUdase B, The above 
results suggest that the C-peptlde region of proinsulin serves to 
direct the trypsin-liXe converting ensyme to process at the two 
dibasic sequences. We propose that in hormone precursors in 
geneni the spacer peptides serve to expose dibasic sequences 
for processing. 

Human preproinsulin consists of a prepcptide of 24 amino 
acid residues followed by proiosuiin containing 36 amino acid 
residues in the configuration: prepeptide-B-Arg-Arg-C-Lys- 
Arg-A in which C is the C peptide of 31 amino add residues 
(1), and A and B are the A and B chain of human proinsulin, 
respectively. The prepcptide is removed during trtnspon of 
the nascent polypeptide into the endoplasmic reticulum. By 
the time it reaches the Golgi, the disulfide bridges of 
proinsulin (2) have been established (3-5). Proinsulin is 
funher processed at the two dibasic sequences by a trypsin/ 
carboxypeptidasc B-like enzyme system to insulin (for re- 
view see Tager and Stainer, ref. 2. and Sleiner et a/., ref. 6). 
Processing at dibasic amino acid sequences seems to be a 
general property of a scries of hormone precursors, e.g., 
preforms of glucagon (7-9), gastrin aO» U). somatostatin 
(12), and pancreatic polypeptide (13). 

In the yeast, Saccharomyces cerevisiae, a similar system 
within the secretory compartments (14, 15) processes the 
primary yeast mating factor al (MFal) gene product into 
mature o-facior (aP), a peptide of 13 amino acid residues (16). 
The MFal gene encodes the following precursor: prcpcpiide- 
Lys-Arg-(Glu-Ala)i-aF.Lys-Arg-(Glu-Ala)raF-(Lys-Arg- 
*Glu-Aia-A5p-Aia-Glu-Ala-aF)2 (17). Processing of the pre- 
cursor peptide includes a UTpsin-likc cleavage at the Lys- Arg 
sequences andadipcptidyl aminopcptidase-like cleavage that 
removes the Glu-AJa and Asp-AJa sequences (14). 

To study the enzyme processing system in yeast and to 
evaluate the hormone precursor concept, we have consiruct- 
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ed yeast strains with recombinant' plasmids coding for a series 
of dibasic insulin precursors ftised to a modified MFal leader 
sequence. The expression levels in the supernatant after 
fermentation were measured by RIAs for insulin and C 
peptide. The expression products have been purified from 
yeast culture supematants and characterized by amino acid 
sequence analysis to evaluate the pattern of proteolytic 
processing. 

MATERIAL AND METHODS 

Plasmid Constructions. Preproinsulin cDNA was obtained 
in the following way: total RNA purified (18) ftom human 
pancreas was reverse transcribed (11) with avian myeloblas- 
tosis virus rcvene transcriptase and d(GCTTTATTC- 
CaTCTCTC) as first-strand primer. This heptadecamcr is 
complementary to a sequence in the 3'-untranslated region of 
the human preproinsulin mRNA (1). After preparative 
urea/polyacrylamide gel electrophoresis of the cDNA, the 
second strand was synthesized on this template with large 
fragment of DNA polymerase I and a tridecamcr d(CAOA- 
TCA<rrGTCC) complementary to the cDNA in the 5*- 
untranslatcd region as second-strand primer. After Sl- 
nuclease digestion the human preproinsulin double-stranded 
cDNA was purified by PAGE, tailed with terminal transfer- 
ase , and cloned in the F:t I site on pBR327 (19) in Ejcherichia 
colL A fragment of the cDNA clone starting at the codon for 
the first amino acid of proinsulin and ending in the 3'- 
nontranslaicd region was then generated: the desired flush- 
end start of this gene was obtained by primer repair synthesis 
(20) using the primerTTTGTGAACCAAC, whUe the end of 
the gene was generated by filling-in of an Hga I site and 
addition of an Xba I linker. This fragment was Ugated to a 
subclone of MFdl inserted into pUC13 (21) so that the 
fiUed-in HindUl site of MFal tposiUon 263 (17)] was joined 
to the sequence encoding proinsulin. The Glu-Ala-Olu- Ala- 
encoding sequence immediately prior to the proinsulin se- 
quence was then removed by In vitro loop-out mutagenesis 
(22). Genes encoding different insulin precursors were made 
by flmher in vitro loop-out mutagenesis using chcmicaUy 
synthesized 30-mer oligonucleotides to delete the original 
C-pepiide-encoding sequences. In yeast expression plasmids 
subsequently constructed, the modified MFal-insulin pre- 
cursor sequences were inscned between the promoter and 
transcription termination regions of the triose phosphate 
isomerase gene of 5. arevisiae. The triose phosphate 
isomerase promoter was isolated as a 900-basc»pair fragment 
extending from an upstream Bgl U site to an £coRI site at 
position -10 of the triose phosphate isomerase sequence (23) 
generated by BAL-31 digestion and linker insertion. The 

Abbreviations; A, B, and C, A chain. B chain, and C pepiidc of 
human proinsulin, respectively; MFal. yeast tnaung factor al; at^ 
a-facicr; IRI. immunoreactive insulin; IRC. unmunoreactivc ^ 

^Present address: Vtedical Research Council Laboratory of Molec- 
ular Biology. HiUs Road, Cambridge. CB2 2QH. United Kingdom. 
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£coRI site of Ihc MFal prcsequence was generated by linker 
addiu n to the fillcd-in Hin[l site at position -70 of the MFal 
sequence (17). The terminator sequence was inserted as a 
700-base*pair fragment starting at the Xba I site at position 
736 of the criose phosphate isomerase sequence and ending at 
the BamHl site of a linker inserted at the downstream EcoKl 
site. Together these firagmenu provide sequences that ensure 
a high rate of tnoscription for the insulin precursor-cncoding 
genes and also provide presequences that direct the insulin 
precursors into the yeast secretory pathway and lead to the 
secretion of the expression products Into the growth medium. 
The entire expression unit was inserted as an »2.3-kiloba3e 
partial Sph I to BamlU fragment into the unique Sph 

site of plasmid CPOT (24). This high copy number^ 
plasmid contains the Schizosaceharomyces pomb€ triose 
phosphate isomerase gene (POD and the J. cerevisiae LEU2 
gene as well as pUC13 sequences and the entire 2m plasmid 
of S. careyisiae, CPOT-plasmid derivatives coding for the 
various dibasic insulin precursor molecules were trans- 
formed into 5. cerevisiae strains canning deletions in the 
triose phosphate isomerase gene by selecting for growth on 
glucose. Such mutants are normally unable to grow on 
glucose as the sole carbon source, and they grow very slowly 
on a galactose/lactate medium. Due to this growth deficien- 
cy, there is a strong selection for plasmids containing the 
triose phosphate isomerase gene, even when growing on rich, 
glucose*containing medium. The plasmid construction is 
shown in Fig. I. 

Expression Levels. The yeast strains containing plasmids 
encoding the different insulin precursors (see Table 1) were 
grown on YPD medium (25); Zmmunoreactive insulin (IRl) 
was measured by RIA (2€) using semisynthetic human insulin 
(Novo Industri A/S, Denmark) as standard. Only insulin-like 
molecules with correct disulfide bridges would be measured 
in this assay. For the insulin precursor. B-Arg-Arg-C- 
•peptide«Lys-Arg-A (human proinsulin), the expression level 
of imraunoreactive C peptide (IRC) was measured by use of 
a human C-peptide RIA (27). In this assay human ^^Mabeled 
Tyr-C peptide was used as tracer, and a guinea pig anti- 
human C-peptide serum, M1228 (28), which reacts equally 
well with human C peptide and human piroinsulin, was used 
as antibody. Human proinsulin was used as standard (29), 

Peptide Purincation and Characterization. IRC material 
was purified from yeast strain MT-509 supernatant by use of 




Fic. 1. Yeasc expression plasmids lor dibasic insulin precursors. 
ffiMFal. modified MFal leader sequence (17) in which the C' 
terminal Glu-Al^Glu^Ala sequence has been removed. Insulin. 
insuUn-precunor encoding sequences (sco Tabic 1). TFIp and TPIt 
triose phosphate isomerase promoter and terminator sequences, 
respectively. BcmHJ, Bco'RJ, Sph I, tnd Xbc I: rescriecion enzyme 
sites. Only restriction sites relevant to the construction of the 
expression plasmids have been indicated. 



the following steps: LiChroprep RF-18 column (Merck), gel 
filtration on a Sephadex C'75 column, HPLC on a iO-fim 
Waters /iBondapak Cig column. IRI material was purified by 
chromat graphy on a LiChroprep RP-IS column, immunoaf- 
finity chromatography on an anti-insulin Sepharose column 
(MCA 0X1 001, Novo Industri A/S). and HPLC on a Waters 
/iBondapalc Cta column. 

Peptide material corresponding to 1-5 nmol was sequenced 
on a gas-phase sequencer (Applied Biosystems, Foster City, 
CA. Model 470A) as described (30, 3f).' Amino acid analyses 
were carried out as described elsewhere (32). 

Conversion of Disulfide Bridge-Linked ^Lys-Arg-A to Hu- 
man Insulin. The conversion was carried out as a trypsin 

digestion of B-Lys-Arg-A at basic pH to hydrolyze the 

peptide bond ArgajrOlyAi' The product, B-Lys-Arg A, was 
pu rified and dige sted with carboxypeptidase B to insulin (Fig. 

2). B-Lys-Arg-A (471 mg) was suspended in 26.4 ml of H2O. 
The mixture was chilled to 4'C, and 3.0 ml of 0.25 M NaOH 
was added to dissolve the insulin precursor. Six miUigrams of 
trypsin (Novo Indtistri A/S) In 200 ^\ of water was added. 
The reaction was carried out at 4*'C for 5 hr and stopped by 
the addition of 600 m1 0^ 4 M HCl. The yield as determined b y 

HPLC (method given below) was 91.5% of B-Lys-Arg A, 
and the main pan of the remaining 8.5% was undigested 
precursor. The product was purified by preparative HPLC on 
a column (5 x 25 cm) of occadecyl-dimethylsilyl substituted 
silica (average particle size, 15 /im; pore size, 100 A). The 
column was equilibrated and eluted (isocraticaUy) with 0.185 
M KCl/0.6 mM HQ, pH 3.15, co ntaining 37% (vol/vol) 

ethanol at a flow rate of 2 liters/hr. B-Lys-Arg A eluted at 
4.3 column volumes and could be isolated from the alcoholic 
pool by crystallization (33). The purified niatcriai was dis- 
solved to a concentration of 5 mg/ml in 50 mM Tris*HCl 
buffer, pH 9.3, and digested with carboxypeptidase B (5 
jug/rol) (Boehiingcr Mannheim) at ST'C. Aliquots were re- 
moved from the digest mixture at 0 min, 2 min, 5 min» and 30 
min. acidified to pH 1.5 with 4 M HCl and analyzed by HPLC 
on a 5-Mm Nucleosil RP Cjs column (4 x 200 mm) equilibrated 
and isocraticaUy eluted with 33 mM (NIL}3S04/1.5 mM 
H2SO4 containing 29.4% (vol/voD acetonitnlc at 30'C at. a 
now rate of 1 ml/min (Fig. 2). Peptides were detected by 
measurement of absorption at 2U nm. The conversion was 
completed after 30 min (Fig. 2), and ethanol was added to the 
digest mixture to 60% (vol/vol). The human Insulin was 
purified by anionic exchange chromatography on a Qa£- 
Sephadex column (34). The overall yield of human insulin 
was 76%. 

RESULTS 

The entire MFal leader sequence, encoding 89 amino acid 
residues (17), was used in the initial studies for the plasmid 
constructions in the following general configuration: MFal 
leadcr(l*83)-Ly$-Arg-Glu-Ala-Clu-Aia-insulin precursor. 
The expression products purified from supematants of yeast 
cultures containing such constructions showed that the major 
pan of the precursor molecules was in the form of either a 
Glu-Ala-Glu-Ala-insulin precursor (in the particular case. 
89%), or a Glu-Ala^insuiin precursor (2%), Otily a minor pan 
(9%) was in the form of a ^'correctly** N-termlnal processed 
insulin precursor (results not shown). Similar results have 
been reported by Brake et ai (35), who used the entire MFal 
leader sequence flised to human epidermal growth factor. We 
interpreted these findings as a result of low activity of the 
dipcptidyl aminopeptidasc-like enzyme system that normally 
is responsible for the last step in the correct processing of the 
yeast oF (14). To overcome the problem of heierogeneously 
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F(0. 2. HPLC traces iUustrating th« last step in the conversion of fi-Ly$-Ai:g-A. to (hunum iosulin). B-Lys-Arg-A was digested at 

basic pH to B«LyvArt A, which was purified and Airther digested with carboxypepttdase B. Aliqifots were removed ft-om the latter digest 
mixnirc at 0 min (A). 2 min (B), S min (O, and 30 min CZ)) and analyzed by HPLC. lysine; R, arginine. 



processed N-ierminal insulin precursor sequences, the 
Clu-Aia-Glu-Ala-codiflg sequence of the MFal leader was 
removed by site directed mutagenesis (22), and the rest of the 
present study was carried out by use of this modified MFol 
leader. .... 

Expression Level. The 10 insulin pVecunoTS of the present 
study are listed In Table 1, which also shows the expression 
levels as measured by RIA for insulin and C peptide. In 
several of the RIAs performed on crude yeast culture 
supematants a dilution effect was observed, i.e., the calcu- 
lated amount tends to increase with increasing dilution of the 
sample. However, when the samples were diluted ^1:500 or 
more, the value tended to stabilize around a constant level 
given in Table 1. The dilution effect observed is a result of the 
assay technique used in which a well-defined peptide (insulin 
or proinsulin) is used as standard for measuring insulin*like 
and C peptide-Iike peptides. Although the absolute level of 
expression in the various strains may vary by »30% from day 
to day, the ratio between different constructions was essen- 
tially constant when grown in parallel. 

The insulin precursors can be divided into two main 
groups, one containing two dibasic sequences separated by a 
spacer peptide (Table 1, constructions 1-0 and another 
without spacer peptide containing only a single dibasic 
sequence (constructions 7-10). In the first group, the length 
of the spacer peptide has been varied ftatn 2 amino acid 
residues to fuU-leagth human C peptide containing 31 amino 
acid residues. Changing the length of the C-peptide region in 
the interval &om 3 1 to 4 amino acid residues did not affect the 
expression level of insulin-lilce peptide, whereas a further 



decrease from 4 to 2 amino acid residues increased the 
amount of insulin-like peptides as measured by RiA. The 
nature of the first dibasic sequence being either Arg-Arg or 
Lys-Arg did not seem to affect the expression level. 

In the second group of insulin precursors containing one 
dibasic sequence and no spacer peptide (constructions MO) 
the expression level of insulin^Uke peptides was significantly 
higher than In the first group, and the nature of the dibasic 
sequence seemed to influence the amount of insulin-like 
peptide produced. The amount of IRC material produced 
from the proinsulin precursor was within the same range as 
insulin-like peptide produced f^om the group without spacer 
peptide, This might indicate thai the primary gene product is 
produced equally efTicientiy for all the precursors studied. 

Chiracteriaatton of Secreted Peptides. The expression 
products trom the proinsulin precursor construction were 
purified from the fermentation broth by a combination of 
HPLC and ImmunoafQnity chromatography. Both IRC and 
IRI were purified, and the characterization was carried out by 
microsequence analysis (Table 2). The dominating IRC was 
found to be inuct C peptide, although it was not possible to 
judge from the sequence analysis whether or not a minor pan 
Gess than 5%) was in the Ibrm of C peptide-Lys and/ r C 
peptide-Lys-Arg. As can be seen from Table 2, no intact 
proinsulin could be isolated fjrom the fermenution broth. At 
least seven different HPLC peaks were found to contain 
insulin immunoraactive material. Peptide material f^m the 
four dominating peaks was analyzed by microsequencing and 
shown to be intermediate forms of proinsulin/insulin (Table 
2). One of the minor insulin-like peptides was found t 



Table 1. Expression levels of insulin prec ursors as detennlncd by radfotmmunosssays 

Immunoreactive Immunoreaetive 



Construction 


Insulin precursor encoding sequence 


Yeast strain 


insulin, 


C peptide, mM 


1 


B-Afg-Arg-C-pepiidc-Lys-Arg-A' 


MT-509 


0.18 


1.71 


2 


B-Arg-Arg-Glu-Ala-GIu-Asp-Leu-Cln-Lys-Arg-A 


ZA-300 


O.W 




3 


B-A/g-Arg-Glu-AIa-Pro-Leu-Oln-Lys-Arg-A 


MT-642 


0.26 




4 


B-Arg-Axg^lu-Ala^Leu-Cln-Lys-Arg-A 


MT.fi41 


0.17 




S 


B-Lys-Arg-Qlu-Ala-Lcu-Oln-Lys-Arg-A 


MT-632 


CIS 




6 


B-Arg-Arg-Leu-Gln-Ly»-Arg-A 


MT-631 


0.31 




1 


B-Arg-Arg-A 


MT-616 


1.00 




% 


B-Arg-Lys-A 


MT'660 


1.60 




9 


B*Lys-Lyi-A 


MT-S55 


2.00 




10 


B-Lys-Arg-A 


MT*593 


1.70 





^Identical to human proinsulin encoding sequence. 
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Tabic Z. Expression products Trom th« prolnsulin precursor 
construction 

Approximate 



Pgptttie amougt, nH 

C-peptide 1.30 

fl-Arg-Arg C peptide-LyspArg-A 0.02 

B-Afg-AiB-C pepti de*(Lys*Arg) A 0.05 

Diargmyt insulin (B-A rg-Arg A ) O.IO 

Monoarginyl insulin (B>Ar9 A) 0.02 

insulin- and proinsuUn-like 0<05 

peptides (minor peaXa) 



cochrotnacograph with hunian insulin in the HPLC system, 
but the amount was too small for a complete sequence 
analysis. 

The expression products from the other precursor con- 
structions containing two dibasic sequences (constructions 
2p-6) were isolated by use of immuaoamoity chromatography 
on aa anti-insulin column, followed by HFLC as described 
for the proinsulin construction. For these constructions, It 
was found that 95% of the IRI material present in the yeast 
supernatant could be bound to and subsequently eluted flrom 
the anti-insulin column. When ipalyzed by HPLC the IRI 
material was found to be heterogeneous in all the construc- 
tions in that five to seven peaks containini^ IRI could be 
isolated. From the sequencing 6nRI=cdntaihing fractions it 
could be concluded that processing had occurred at one or 
both dibasic sites in ail the constructions containing a spacer 
peptide and two dibasic sequences, and no single-chained, 
unprocessed precursor molecules could be isolated. Further- 
more, neither the length of the spacer peptide In the range 
ftom 2 to 31 residues nor the naturis of t)ie first dibasic 
sequence (A/g-Arg or Lys-Arg) did significantly influence the 
processing pauern of these insulin precursors. 

The purification and characterization of secreted peptides 
from plasmid constructions encoding precunors without a 
spacer peptide (constructions 7-10) are exemplified by the 
B-Lys- Arg-A precursor. IRI material from the culture super- 
natant of strain MT-59a was purified essentially as described 
above. The material eluted from the HPLC column contained 
only one peak with IRI. The overaU purification yield of IRI 
was 79%. The peptide material fSrom this peak was sequenced 
and found to be a single-chained peptide of 53 amino acid 
residues (average repetitive yield, 92.1%) with the sequence 
B-Lys-Arg«A, i.e, no processing at the dibasic sequence had 
occurred. Amino acid analysis showed the composition 
expected for the precursor. Furthermore, digestiori of the 
peptide with trypsin [3% (wt/wt), pH 3T'C, 18 hr] 

resulted in a peptide that coeluted with a standard of 
desocupepiide (B23«-B]o) insulin in the HPLC system and that 
had the amino acid composition and amino acid sequence of 
desocupeptide (Bjr-Bso) insulin. Changing the dibasic se- 
quence to either Arg-Arg, Arg-Lys, or LyS'^Lys (construc- 
tions 7-9) did not lead to any processing; i.e., only the 
single-chained unprocessed molecule could be isolated. 
Expression levels as measured by RIA differed significantly 
between the four dibasic constructions (Table 1). We cannot 
exclude the possibility that the precunor molecules are 
actually produced at the same rate, but that establishment of 
correct disulfide bridges proceeds, for some stcric reason, 
with a faster rate for the Lys-Lys precursor than, e.g. , for the 
Arg»Arg precursor. 

The assay techniques and purification procedures used 
should be kept in mind when evaluating th above results. 
Only insulin*like molecules with correct disulfide bridges 
would contribute to the IRI level, and only these moJecules 
would be absorbed on the anti-insulin column. Thus, free A 
and B chains, molecules with incorrect disulfide bridges, 
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dimers, polymers, etc. would not be detected in the RIA and 
would not be absorbed by the anti-insulin column. 
/a Vitro Conversion into Human Insulin. The four purified 

Insulin precursors without spacer peptide. could 

be converted into B A (human insulin>by.iii vitro digestion 
With trypsin and carboxypeptidase.B the method used by 
Kemmler et ai Q6}. for the conversion of proinsulin to 
insulin. The yield of such conversions was ^50% due to an 
^ . initial trypsin cleavage on the C-terminal side of both the X 

and Y res idues, resulting in equal amounts of fi-X»Y A and 

B-X Y-A, which were ftiriher digested with carboxypep- 

tidase B to give equal amounts of B^ and Y-A. When the 
ratio of trypsin to insulin precursor was kept low [0.1-0.01% 
(wt/wt)), only u^ce amounts of desoctapeptide (B^j-Bm) 
insulin and des (B3o)-insulin were generated. 

Digestion of B-Lys-Arg-A with trypsin at a high pH value 
decreased the reactivity of trypsin with lysine residues (37) 

and resulted in a high yield (more than 90%) of B-Lys-Arg 
A.which could be neariy quantitatively (more than 99%) 

converted into by digestion with carboxypeptidase B 
(Fig. 2). Th e biosynthetic human insulin generated from 

B-Lys-Arg-A showed identity with human insulin in a series 
of comparative studies including crystal structure, amino 
acid sequence analysis, amino acid composition, peptide 
mapping, and basic disc elecu'ophoresis (results not shown). 
The biological potency of the biosynthetic human insulin in 
the mouse blood glucose assay (38) wias 28.1 units/mg {P < 
0.05, confidence limit; 25.7-30.7 units/rag). The potency of - 
the fourth international insulin standard is 24.0 units/mg (38). 

DISCUSSION 
The enzyme system in yeast responsible for the maturation of 
yeast pheromone precursors has been the subject of several 
investigations (17, 39. 40). The proteolytic processing of the 
yeast oF precursor is ioidated by a selective cleavage at the 
Lys-Arg sequence (14, 41). The structural gene encoding the 
Lys-Arg-specific processing enzyme system {JCEX2 gene) 
has been isolated from 5. cerevisiae (39). The yeast 
endopeptidase specific for dibasic sequences isolated by 
Mizuna and Matsuo (40) is different from the KEX2 gene 
product and docs apparently not participate in normal oF 
processing (42). In vitro studies have shown that the KEX2 
gene product cleaves also at Arg-Arg and Lys-Lys sequences 
(39) and processing at Lys-Arg, Arg-Arg. and Arg-Lys 
sequences probably occurs during the maturation of the yeast 
killer toxin precursor (43, 44). The present study shows that 
processing at the first Lys-Arg sequence occurs in hybrid 
genes encoding chimeric proteins in which insulin precursors 
are fused to the MFal leader sequence. Removal of the gene 
segment encoding the last four residues (Glu-Ala-Glu-Ala) of 
the leader sequence did not seem to aSect the processing at 
the first Lys-Arg sequence. Similar results have been report- 
ed for the MFal leader sequence ftised to invenase (45) and 
other foreign proteins (35). In these instances the amino acid 
sequence and the tertiary protein structure close to the first 
Lys-Arg do not seem to influence the processing significant' 

ly. 

In contrast, processing at the dibasic sequences located 
between the B and A chains seems to be strongly influenced 
by the accessibility of the cleavage site. In. all the insulin 
precursors containing spacer peptides apd two dibasic se- 
quences (constructions 1-^ processing at one or both sites 
was observed, whereas no processing was observed in the 
insulin precursors without spacer peptides (constructions 
7-10). These results, however, are c mplex to interpret in 
terms of susceptibility to processing of the dibasic sequences 



OCT 10 '95 89:38 



+49 69 357175 PAGE. 13 



us 084023940OP1 




Creation date: 02-03-2004 

Indexing Officer: KJ0HNS0N3 - KIMBERLY JOHNSON 
Teanri: OiPEBackFllelndexing 
Dossier: 08402394 



Legal Date: 04-02-1996 



No. 


Doccode 


Number of pages 


1 


CTFR 


8 



Total number of pages: 8 
Remarks: 



Order of re-scan issued on 



Page 1 



